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A WIND-TUNNEL INVESTIGATION OF THE CARRY LOADS AND MUTUAL

INTERFERENCE EFFECTS OF 1/40-SCALE MODELS OF THE

X-15 AND B-52 AIRPLANES IN COMBINATION*

By Robert T. Taylor and William J. Alford, Jr.

A wind-tunnel investigation has been made of the aerodynamic charac-

teristics of a North American X-15 model and of a Boeing B-52 model under

conditions simulating launching of the X-15 from the B-52. Buffeting

data also were obtained on the right-hand horizontal-tail panel of the

B-52 model behind the X-15 model installation. The data are presented

without analysis; however, the reader is directed to NASA Memoran-

dum 6-8-59L which offers a brief analysis of the X-15 launch problem.

INTRODUCTION

Past aerial launchings of research airplanes have been made from

the center-line location of the carrier airplane. In the case of the

X-15, B-52 combination, however, the carry location chosen is beneath

the 18-percent semispan of the right wing. The choice of such an asym-

metrical location raises questions as to the carry loads and launching

safety of the combination.

A wind-tunnel investigation was therefore undertaken in the Langley

high-speed 7- by 10-foot wind tunnel to determine the carry loads, the

mutual interference effects, and a qualitative measure of the B-52

horizontal-tail panel buffeting due to the installation of the X-15.

The purpose of the present paper is to present, without analysis,

the results of these wind-tunnel tests with some notes on the reduction

of the data. A brief analysis of the X-15 launch problem based on these

data is given in reference 1. The data of the present paper were used

in reference 1 to determine static stability derivatives and to estimate

damping derivatives in Calculating the X-15 drop motion at the design

conditions of altitude and Mach number.

*Title, Unclassified.
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COEFFICIENTS AND SYMBOLS

The longitudinal data represented herein are about the stability

axis and the lateral data are about the body axis. The positive sense

of the coefficients and angles used in the paper are given in figure 1

(on the left for the X-15 and on the right for the B-_2). The force and

moment coefficients are based on the dimensions of the model for which

the data are given.

Lift

C L lift coefficient, qS

CD drag coefficient, Drag
qS

Approximate dra_

approximate drag coefficient, qS

C m pitching-moment coefficient about

Pitching moment

on B-_2, qS_

_/_ on X-15 or about _/4

C_

C n

Cy

CB

q

rolllng-moment coefficient about balance axial center line,

Rolling moment

qSb

yawing-moment coefficient about _/_ on X-15 or _/4 on

B-52, Yawing moment

qSb

Side force
side-force coefficient,

qS

B-52 horizontal-tail root bendlng-moment coefficient (posi-

tive root moment caused by upload at tip),

Root bending moment
St bt

q 2 2

free-stream dynamic pressure, 21-pV2, lb/sq ft

P free-streamdensity, slugs/cu ft

mean aerodynamic chord of wing, ft



_o

_h

r

V

C

b

bt

R

S

St

c_

2_

•..---.... ....................

.:.: !il.i.:
Ww_---

mean aerodynamic chord of wing, ft

radius, in.

free-streamvelocity, ft/sec

chord, ft

mean aerodynamic chord, ft

wing span, ft

horizontal-tail span, ft

Reynolds number

wing area, sq ft

horlzontal-tall area, sq ft

B-52 angle of attack, deg

X-15 incidence relative to B-52, deg

X-15 angle of attack, deg

angle of sideslip, deg

A8 = _x-15 - 8B-52

it

5r

5e

5B

M

X,Y,Z

Z

angle of bank, deg

B-52 horlzontal-tall incidence, deg

X-15 vertical-tall deflection, deg

X-15 horizontal-tall deflection, deg

X-15 speed-brake deflection, deg

free-streamMach number

airplane body axes

separation distance, measured normal to B-52 center line, in.
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Subscripts:

x-15

B-52

R

L

W

differential horizontal-tail deflection, 5e,R - 5e,L' deg

root-mean-square buffeting bending moment of right horizontal

tail, in-lb upload at tip gives positive moment

deflection of outboard B-52 flap, deg

refers to X-15 model

refers to B-52 model

right-hand tail panel

left-hand tail panel

wind axis

MODEL AND APPARATUS

The investigation was made in the Langley high-speed 7- by 10-foot

wind tunnel. The models used were 1/40-scale representations of the

B-52 and X-15 airplanes. Sketches of the models and modification details

are presented in figure 2. Photographs of the various model installations

are shown in figure 3. With the X-15 in the captive condition (pylon

mounted), data were taken from two six-component strain-gage balances,

one in each model. In addition, buffeting data were recorded from a

strain gage mounted on the root of the right-hand horizontal-tail panel

of the B-52 model. It should be pointed out that no attempt was made

to scale this panel structurally; however, an instantaneous reading

pressure gage recording the pressure difference between the upper and

lower surfaces was installed in the panel directly back of the X-15 model

to assess the power content of the X-15 wake over the frequency range of

interest.

During the tests to determine the aerodynamic characteristics of the

X-15 (X-15 sting mounted) while traversing the flow field of the B-52,

no aerodynamic and buffeting measurements were made on the B-52 model.

Further data were obtained on each model individually through the

Mach number range.
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TESTS AND CORRECTIONS

The tests were made over a Mach number range from 0.40 to 0.85.

The range of test Reynolds number for each model is presented in fig-

ure 4. The primary variables of the investigation included the angles

of attack and sideslip of both models individually and in combination,

and the angles of attack, sideslip, and bank of the X-15 in the presence

of the B-52 at several separation distances. Tests to determine control

effectiveness of the X-15 in the captive position were made to permit

estimates of carry loads due to control deflection. Data also were

obtained on both models separately in the tunnel. Additional data were

obtained on the clean B-52 model with No. 60 carborundum grains applied

at the position of estimated full-scale boundary-layer transition. This

estimation was made by using the method of reference 2.

Carry Tests

This series of tests was conducted with the X-15 model mounted on

a 6-component strain-gage balance suspended beneath the pylon under the

B-52 wing. The attitude of the X-15 with respect to the B-52 reference

line was measured (wind-off) as sO = 2.25 ° , _ = 0O, and _ = 0O. The

jet-boundary corrections applied to these data (ref. 3) are those induced

by the B-52 model. When corrections for the effects of tunnel blockage

(ref. 4) were applied to the data, the drag of both models was considered.

The drag of the B-52 model was corrected to the condition of free-

stream static pressure at the model base. No base-pressure correction

was applied to the X-15 data. Corrections to the model angle of attack

due to support deflections have been applied to the data for both models.

Separation Tests

During this series of tests the X-15 model was sting-mounted in

the presence of the B-52. (See fig. 3(e).) As mentioned previously, no

B-52 data were taken under these conditions. The blockage corrections

for these tests were the same as the corrections applied to the data for

the X-15 when pylon mounted. No jet-boundary corrections have been

applied to these data. Also the base-pressure correction has not been

applied to the X-15 data. Deviations of the X-15 angle of attack due to

support deflection have been accounted for but corrections to the verti-

cal displacement due to support flexibility are unknown and are therefore

not applied. In this connection it should be pointed out that a fouling

circuit was installed between the mating surfaces of the pylon and the

X-15 fuselage to indicate when the X-15 model touched the pylon. No data

were taken under such conditions.
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Tests of the X-15 and B-52 Separately

These tests concerned each model tested individually in the tunnel.

In the case of the B-52 model, the support-deflection, blockage, Jet-

boundary and base-pressure corrections have been applied in the normal

manner. The data taken on the X-15 model did not require correction for

Jet-boundary or blockage effects because of the relatively small size of

the model. The data have been corrected for the effects of support

deflection and the model drag has been corrected for the difference

between actual test base pressure and free-stream static pressure.

Reduction of the B-52 Tail-Panel Buffeting Data

The instantaneous output of both the root bendlng-moment gage and

the pressure pickup were fed through appropriate instrumentation and

recorded on tape. The harmonic content of these taped signals were sub-

sequently analyzed over a frequency range from about 40 cycles per sec-

ond to 750 cycles per second. A typical record so obtained is illus-

trated in the following sketch:

O

!

0 20O

i
! !

400 600

O

i I !

0 200 400 600

Frequency, cps

As will be noted, the oscillatory pressure input remains relatively con-

stant throughout the frequency range of interest and therefore it is felt

that no oscillating pressure inputs are being damped by the tail structure.
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It is reasonable then to plot the root-mean-square values of the bending-

moment gage against angle of attack as an indication of buffeting.

Although these measurements are not intended to be quantitative, they

should give an indication of the onset of the buffeting which from the

engineering viewpoint is adequate. Figure _ of reference 1 indicates

remarkable agreement between these data and the flight buffeting boundary

of the B-52 airplane.

PRESENTATION OF RESULTS

The results of the wind-tunnel investigation on the aerodynamic

characteristics of an X-15 model and of a B-52 model under conditions

simulating launching of the X-19 from the B-52 are presented in the fol-

lowing figures :

Clean B-92 ........................

Breakdown runs; addition of slot, pylon, and X-15 ......

Root-mean-square buffet data ................

X-19 model alone ......................

X-15 pylon mounted in B-92 flow field ............

X-15 sting mounted in B-D2 flow field ............

Effect of wing-fix and slot modifications of B-92 on

X-19 characteristics ...................

Figures

5 to 7

8 to 19

20 to 25

26 to 27

28 to 32

33 to 40

41 to 43

The configuration constants for each figure are given in table I.

Langley Research Center,

National Aeronautics and Space Administration,

Langley Field, Va., August 20, 1959.
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(a) it = 3o.

Figure _.- Aerodynamic characteristics of the B-_2 airplane model.

nal configuration; effect of tail incidence; B = 0°.
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Figure 6.- Aerodynamic characteristics of the B-52 airplane model. Origi-

nal configuration; effect of sideslip; it = 3 °.
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Figure 9_.- Concluded.



ii0
"" "'" " "'" " "'" "'i

. . :....." . ..: ".:

.2O

.15

Co
.10

05

0

M

.85

v .83
_, BO

<> 75

n .70
z_ .60

o 40

15

lO

Ct

.15

.lO

c. .o5

0

-.05

iif!i!iiiii_[i _Li[!I;_' '_

ii _ ....... _::! ;!;;[ii;i :ii_i !il

i_lll i!!i!!l!iiliiiiil!

__i!!lllll!_i'"' ,

15

lO

5

0

-5

C},

.60 _,_m_..i

_0

•-I0
_2 0 .2 41 ,6 0 5 I0 15

CL a_deg

(a) P = _4°.

Figure 94.- Aerodynamic characteristics of the X-15 model in the presence

of the B-52 model. X-15 sting mounted; £_ = l°40'; L_8 = 0°; ¢ = 0°;

z = 0 inch; effect of sideslipping the combination.



4

if"i!i-.:!..!:i::.::.! !: i i!iif"
iii

M

.85

v .83

_. .80
<> .75

o .70
.60

o .40

0

/0

5

a_deg

0

-5

0 2

CL

60

.40

cr 20

0

(b) _ = 4°.

I0 /.5

Figure _4.- Concluded.



112

Ct .I0

(a) z = I inch.

Figure 35.- Aerodynamic characteristics of the X-15 model in the presence

of the B-52 model. Sting mounted; _ = 0°; _ = 0°; ¢ = 0°;

5e = 5a = _r = 0°"



115

16 0

40 _ _llil

o ____..... _!_i!!_
: ;: :::_ ::::::::::::::::::::::::::

-20 __....

:--_ i...... _c---i- .....

20 i,'I . ....

/5 _ _!_

o5 li!tlI_ii"<_'" '
0

e ,deg
5

0

-5

4O

-# _2 0 .2 # .6

CL

M

.85

v 83
_. .80
0 .75

m 70
a ,60

o .40

(b) z = 4 inches.

Figure 3.,5.-Continued.



i14

.6O

4O

.20

0

25

.20

15

Go
I0

05

0

15
i:Ii

I0

5

a;deg

0

.5

-I0

_6 -.4

i!li!:!_:ihi:!!i

li!li{iH

'!_ _:iiiiiiiiiiiiiiiii_ iiiiiiii!

i:_!ii:ii

_2 0 2 4 6 .8

gc

Cl

/d

.85

v .83

_, .80

<> .75

o .70
A .60

o .40

c.

Cy

.15

.10

.05

0

20

.15

.10

.05

0

(c) z = 12 inches.

Figure 35.- Concluded.



• O ••Q ll5

M

.85

v 83

_, 80

0 75

[] .70
A 60

o .40

0 .2 4 '6 1 l:/O -5 0 5 /0 15

CL a; deg

(a) z = 1 inch.

Figure 36.- Aerodynamic characteristics of the X-15 model in the presence

of the B-52 model. Sting mounted; f_ = 305'; f48 = 0°; ¢ = 0°.



116

II !LI

Ct

M

.85

v .83
_. .80

O .75

o .70
.60

o .40

On .10

0

.O5

0

.40

Cy 20

0

(b) z = 4 inches.

Figure 36.- Continued.

IO 15



Ii 0@@ • I@1 • @@@ @@

i .:""";. ...":::•"'.! !" !_: ."".-
• @0@ QQ'I @1 • • @@ • tl

117

6O

40

Cm2O

a',deg

0

-4 ._2 0 2 .4 .6
CL

(c) z = 12 inches.

IO 15

Figure 36.- Concluded.



i18 @@@ @@

_i!i!!i":!!o:,..:o_-_.,.i.iio:!_..i

Gm

.60 i!i h _+_._q_ti=_ ;_ i: _-_;::;:;

#o

:t:ttt_

1,1t_ t , ,'l*t:_

.25

.2O

16

I0

5

a;deg

0

M

.86

v .83

_. .80

<> .76

.i"0

60

o .40

/6

(a) z = i inch.

Figure 37.- Aerodynamic characteristics of the X-15 model in the presence

of the B-52 model. Sting mounted; Zk_ = 1°30'; A_ = 2°19'; _ = 0 °.



QO _OQ • 0t'0 • _00 _@@• @ • @ •

:'.: ...:":.. ...: .:':".'" ..'" !!" i i'. :'.:
if9

:-,:':'T_ -_:t:=r _

0 _:+-__':"_:_

a',deg

-20 ======================================

E / 5

./0 =.......

i:£:;;" Tt;;U'T .......;_- ,T-:TT " ;'-'_:;

0

-5

-4 .2 0 2 # 6

CL

X?

Ix

o
o

0

M

.85

.83

.80

.7"5

.70
60

.40

20

0 5

a; deg

/(3 /5

(b) z = 4 inches.

Figure 37.- Continued.



120
"'": :": :"" :": :'i
: : ... ... . . :.: : . ":..

@@ @0@ •°:• 0@0 • • • @@ @e • @ el@ I@ @@@ @e

-4 _2 ,4 16 .8

Cj
M

0
.85

v .83 -05
_. .80

0 .75

n .70
z_ .60

15
o .40

c,, ./o

0

.40

Cy 20

0

(e) z = 12 inches.

Figure 37.- Concluded.

0 5

a;deg

I0 15



QQ Qll • • QQtl Q @Q@ 0@

i" i: ": ". "!". ::- -"". i-"I, • QI, O@Q QO @ • _ @ •

121

I

.60

_.__ !_!_

:: :L:: ................. l

_::.:.:: :::::::::::::::::::::::::::::::::::::::

-20 i!!: i::_ ::::ii::i_::::,::_i_:_?i::t_ii!::::!i

:i .ii_ii _-_iSiiii;iiiii_iii;:SiiiS_!

ii:::i!l!!!: iYi::;i7Zi i!;_ii:i!:_!

: : ::Tz: :T_ TT: :1: /L:I ::-_ ::::_5 :::Z: 27: _: !::::I:!

._5 Lu/=_Z.:_Z_Z'_i _ i- _ !!_

,7"deg

...... =============================

0 _ii__i;:÷!i ::::_--::_'"_i=:i .-=fAIl:
::::::::::::::::::::::::::::::::::::::::::

:::::::::::::::::::::::::::::::::

i£iii i_it_iii',t'

5 .... __.,

-. .2 0 .2 .4 .6

c,

M

q .85

v .85

_. .80
<> 75

n 70
n .60

o .40

c_

/0

c,, .05 ,!!!_ _ _i_:?i_i_

o_
_o5iiitiii_

t!!!{!!i

HH_
•e° i,:ili_

.40

c,, eo_i!_ii___ _t
bt

"20-10 -5 0 5 I0 15

a;deq

(a) z = 1 inch.

Figure 38.- Aerodynamic characteristics of the X-15 model in the presence

of the B-92 model. _ = lO30'; &_ = -2°19'; _ = 0°,



122

25

2O

.15

CD
.10

.05

0

/5

lO

5

a',deg
0

-5

-I0
-.4 _2 0

CL
2 4 .6

.20

15

c_ ./o

M

q 85 0
v 83

80
0 .75

[] .70
" 60

o .40 .15

.lO

cn
.05

0

-05

(b) z = 4 inches.

Figure 38.- Continued.

5 /0 /5



• L

ii_!!'.'i.=...i._::.::.!!:"! iil!i" 123

Om 20

0

-20

cl

M

85

v .83

80
0 ,75

m 70
.60

o .40

.15

.10

0

co
.15

.10

.05

0

15

I0

5

e; deg

0

Cn 05

0

-.05

4O

Cy .20

0

=2-010 -5 0 5 I0 15

e/deg

(c) z = 12 inches.

Figure 38.- Concluded.



124

i!!:i!!!!!l:_::_:::lil;!l!!!!!::i:!::::i!i!:!!

.60!!!!!iiii!
!iiiiii?

:::::!:IP

i::iiii:_Om .2O

0 i! ........ i]ii:ii!:

......... iiiiiiii
-2o iiiiiiiiiiI! iiiii?iI!!ili!ilillii; iiiiliiiiiiiii

iiiiiiiii!'iii_ii'ii!i!:!ii'!ili_ii!tiiii!!i!!
_iiiiiiiiiiiiiiii!i,ii!i_i!i,:iiii!!iitii_ii_
i_ii!!!i!! !i!:!i!!P!iiil : 'iiii!!!!!i[![:!!! _

iUii!iiii .... :: : :: :_:: : I ; I_ ill

TTT 77:Tt7 ........... ::_f_

2_iiiiiiiiii ....... :................. ;i:ii....... I_: iiiii!i!i_i; ,::!i:!i,:!!! !!:,

iiiiiiiiii_!,=i:i_:,i!:_i_:i

% .10 ,:::::!__:i!i:!__:._;_/_

iHf!i!<!i!!T_!!!!!_!!!i:!,::::_ :i i

!iiiiiiii,,ii!i!!!iii!!!!!iii,::! !iliii
........ U:0 ::iii : !il:L!_:::' : _ :....

M

_a .85

v .83
_. .80

<> .75

[] 70
A 60

o .40

,,HIt ; HI_LH.... , , ........ ;:::::::: :::::::!: :::::::::

_il i !ti_iiibi! iiI_fi iiiiiiii !if!i!!!! :: ..............

iiiii F..........
;;:iH44_ ii._.

ifffit,Ut Fi'KC_,i,J.U!_i! IIi i:ltl[t]li!
iiiiiiif? ' ......::_i! ,iiiiii!!iiiiiii_

ilili_ ..... _ _iiiiiii !iifiiih

0 }!!;iiiJ L_!J _i!!!i_!f!!
i;[iEi;i]';;i;iiiiii;iiiiiii'_!_ff

iiiii!!!iJi!i!<il ]i[iiiii.!ii!!!!!i !!!!!i!!
"iiiilUU]iiiiiill 'ii::i:iilii:ii:Ui:iiiiiill

iiiii!ii iA_i.ii iiiiiiii i*i!,!i!, i!!iiiii
i11il;!i11111;, _!: : u,ll,;l!

./5 iiiii__iiii iiiiiiili _i:iiii

o iii;ii?i)iiiiiiii
Itiiiitt! !i,l!.i_!_T!J_! _:!tt!

15 iiiiiii:i ................
_:_i!!!!ill!iiiiiiiii iiiiiiiii:i!ii iii

/o 60 _i!iii_i:l

a_deg _

0 Cy 20 _:

:::l:ft.t :_ :: t ,

-I0 _20
-.4 _2 0 .2 # .6 -I0 -5 0 5 I0 15

CL _ deg

(a) z = 1 inch.

Figure 39.- Aerodynamic characteristics of the X-15 model in the presence

of the B-52 model. Sting mounted; effect of X-15 bank angle;

Zk_ = l°30'; A_ = 0o; ¢ = 9o50'; 8e = 8a = 6r = 0°"



011 1111110

00

011 QIIII

125

20

.15

.10

.05

Q

c_
M

q .85

v .85

_. .80

0 75

[] 70

A 60

o .40

c.

#0

Cy 20

0

......... I_ !I_.;.Mt_._ ' !._.!!-L'!! _, !!.:.. ". '.

_iiiii-Ti]l_ ":=:::"-_: ....

:'!:!! !!i,!'!ii!:!!.!:::.!;!!!.!!!i!!iif.!!!i:=ii
.......................... i ...........

!! _Z::iit I;:!liTl:j:::::::]I ]111 . i', :;:iI_:',

!i!!!ii!!,!i:::!i!!!!!_!!i!"i!_iii!i:!!!!!_!!!

__ _!i!'.!.iL!,--ii'.;!i_ii!_:!!

t:!,L _ ...................

_: :iEiii!! .........

_TT; .............Tt

l!iiiiiiii'i_i_

iii!iii_,_I!!!/

!!iiii!!!!_!iiii!_ii!_iiiiii_iii!!_i!__!!!

!::!i :,ii_' i:_--i!!i!! ii.ii!!_! !!_!iiiit_i!i::i::
::!!Jiii_iii::::!!!i _ii,F,,_ ii_i_iiii h-:-!::ii::i
--. .,,

iiF_!!!!! L_!i_!i :=;i_:::

...._i_ii_ii

h , ,

0 5 I0 15

a;deg

(b) z = 4 inches.

Figure 39.- Concluded.



126 @@ @@@ • 0 @e • •U• ••

• • • • • • • • • •

!' !; :_"..! :":":: .: .! . . .: ....:.
@• 00@ • •

1/5

cz ./o

M

_] .85 0
v .83

_. .80

<> .75

[] .70

z_ 60

o .40 .15

.lO

c. o5

0

-O5

_2 0 2 4 -5 0 5 I0 15

CL a" deg

(a) z = 1 inch.

Figure 40.- Aerodynamic characteristics of the X-15 model in the presence

of the B-52 model. Sting mounted; effect of X-15 bank angle;

2_ = i°30'; A_ = 0°; ¢ = -9o50 '. 5e = 5a = 8r = 0°"



ili!!i_:'ilil !i_ 127

0

.25

2O

.15

Co
.lO

05

0

15

lO

5
a',deg

0

-5

M

.85

v .83

_. .80
<> .75

a .70
.60

o .40

0

-,4 _2 ,4 .6"

(b) z = 4 inches.

/0 /5

Figure 40.- Concluded.



z28

.60"::":.......'
!_;;;;_;!il ill iļ
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Figure 41.- Aerodynamic characteristics of the X-15 model sting mounted
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